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7}*)^ &5z.*ii 3M*i 7ii a] ^cf. 

7lH€ i*>fe A o V *Hf^ #5fl^.## 5L^*Rr Cj-^o] a]. 

£31 #^°11 ^lt> ^} ^ofl #-fH^ E]^l ^ 3*1 °o^oj ^ 

i 5 

[AflOlO^] 
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#5.*ll 2fl°l-*1 i^>{ Semi conductor laser device} 

£ l£r #2fl #51*11 3H*1 ^}S] 7flSf^ ^^£^14. 

51 2^ #efl #51*11 eflo]^ ^ & z]]o)x\ ±.7} 7} 

Aj-Efl^ ^o]^ 7flE*^ 5g^£Oltq-. 

# SEM A>^lo]tq-. 

5. 4^ #Efl #51*11 5flo|;*| ^Tfl^cfl^ 7 >^1 1-^^*1: K^o) #j=lo] ^7)77}*] 

3# J5L°lxr SEM A>^olcf. 
£ 5^ l^l *r€- #51*11 31 ±7} 9] 7 fl^ ^-^SLoiq-. 

£ 6£- £ ^ofl 4€- #51*11 Sflol^ i^># *)l2*Kr 4^ ^ 3H*1 i^7> £ 

213*1 ^ 7)^ lLo]±; 7 flgf3 sg^Soltf.- 

£ 7^ £ ^ #51*11 3M*1 i7}2j nflA> ^S*ll^ *}^- SEM A> 

51 8^r ^^1 ttj-S. «V51*11 eflol^ >L*HH uflA}- Aj-w-ofl ^ s 

7} ^£1*1 ^H^H ^^^-S #3. ^l^s]<H ^fl3e«: ^7fl^ SEM ^^cf. 
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<9> *V£31 eflol^^H 3-°^, #<*fl*m nfle^: ^7fl^(cleaved plane) 

<io> ^£^1 eflo]^^ ^ ^ ^>M- ^ cjia s^oj^ccDP; Compact 

Disk Player)H- ^7l^ l-sjM<H (DVDP; Digital Versatile Disk Player) -f-^ 

cflolE^ ^oiq. cflojE^ 7)^ §2 ^--i- \^ A>-g-5]j7 ol 

^-^cfl ^cf. aVs^j efl°l^l- ^-g-%v ^ 5U^r £°\7} #7}s^1 o j7jl 

^Hb ^£^11 2fl°l*^*H| nfltr -£-^7> ^7>*>JI 5^31 ^, 7]^ 7}±5-5}jL 
^4 -f-^Rr 7}^ 1>£^1 JM^i^i cfltr H-S^o] 

<i2> olE^tr elH*liM-£q ^^.g- ^ji, ^.oi7l ^tsfH^- £ flol^ ig-^ofl tfl*|. 

^ 3i^oij7 ofl^tr( smooth) ^fr^oj ^^cf. o] ^-#a>^^- 7^(f acet ) tr^ ^ 7 ]]Tg 
(cleavage plane)A5. <£?d°]x\^, ^^eM^oil 
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$] Q ]x\^x}^ ^7flig (cleavage plane)* °1 -g-th=K ^M-, ^V^M 

711^31 tg^ol 7]^^ o. S o^j7 ^(yield)-i- 

<15> £ 1* ^as^, A>^-o]ol 71^(10) #ofl *fll ^ 42<$<X(R1, R2)<LS. n-GaN 

-E^B#(12)ol aJ^sH ^cf. °1 ^ *V ^ ^Bn S #(12) $H ^-##3] te^l#^#ol 
oflA> f-a^Gnesa structure)^ ^fl^cj-. ^, ^H^^(Rl) , n -GaN ^ 

(12)^ ^ofl n-GaN/AlGaN §1-?- -f-EflJEL #(24) , n-GaN ^ £3|-#(26), InGaN %^#(28), 
p-GaN ^ £5j-#(30), p-GaN/AlGaN ^Hf #2fl = #(32)ol ^>a]o.^ oi^ <*|7H, 

n- ^ p-GaN/AlGaN ^ ^ tsflEf(24, 32)£] n- ^ p-GaN ^ ^ #j=l ^4 

#(26, 30)^.cf ^j-JL n- * p-GaN ^ ^ ^ £SH§K26, 30)^ #^#^r %^#(28)2] 
^"71 ^Af ^.§.0^, p-GaN/AlGaN -* 0 Vj r #Hfl^#(32)2} -#Jf 7}^^) 
Wo}* 7}o)el f2f afl^Hr ^ ^ ^l(32a)7> *^£H %U, ^](32a) 

3 ^tf^fe p-GaN ^ ^^B#(34)ol tg>gs|<H oicf. a o v 7] p - Ga N/AlGaN ^ #Hfl-# 
(32)^ <%d\]^ ^E«H#(36a)l- 7>^1^ ^Aluflol^^o.^^ ufl^^( 36 )ol tg^sH o}^. ^> 
71 *fl^#(36)^ ^^H*(36a)^ ^oM ^*l(32a)S] ^ofl tg^s} ^^e^( 34 )^ ^ 

*fl-§-*H, ^B*(36a)£j 7>^>E| #Jf -SEjjHfK34) 7 }-#7>}-ii| j=L£ 

<16> Aj. 7l Dfl ^* (36) ^ofl- p ^ a o v^ ^^-( 3 8)ol tg^o} 01 ji, p ^ ^^-(38)^ #7l ^ 

#(36)£] ^iijE^. ( 3 6a )^ ^ ^b« h ^ (34)o]1 ^^cf. a o v«. ^« ^e« h ^ (12 ) 

<HH, *fll ^<^(Rl)icf <3<*(R2H^r n^ ^(37)o] <§^sq<H 5Utf. 
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<i?> 6\s\ #JjL #efl = ^(32)ofl $\}o)w 7 }o]el 1:^^(28) AS 

3^ #-f?-« #^^(28)^1^^ el) o] ^ ^-g- ^ egg* ^*V^H 

(transverse mode)* s)-7.] 7] ji ne)ZL ^H^r}. 

<8^*>al, nelJl n-GaN ^f«lEt2l ?1 7l n -GaN *>-*f 

^ tf-f^ *M <8^i=h ^l^tr ^flA> ^£ff ^2r 0 l°1 ^ 7l# #ofl o^lojo] 

tgns. b^^^cls. ^3.^)^ -f-ofl ^ «-el^cf. £ n-GaN 

^ H^(12) ^ofl - 7^ ^ cflo.^ - 7fl o^ ^ ^2^o| ^ ^ o] oi^ f^f i± 

o]cf. - njlA>^^ ^^^(40)^11 Sl«fl <S^5l^ oljr, ol -i-^ AV 7 ] o^^«L^ <^.g. 

^sHr ^fL+sl ^*l(32a)l- ^-8-*}^ ^Efll- 7}^lr4. ol e] *V ^a>^1-^ h ^-1- 

*rfe ^-^1 AV 7 ] w.a.( 40 )^ : ^32^-0] «j e}.o] A -A * # 4 2} ^ 

^ «7fl^ol ^^^cf a^o^ 71^- ^(sapphire-c plane)^ GaN#^ 

c-^^^(GaN c-plane)^r a}^! o] c -^^^^l cfl*fl 30£ ^i-KtilO&cf . °14 
Aj-sHoi 7]Q2) ^^-4 GaN^ ^^Tgol o]^ ft?} nfl-g-ofl gflo];*) ^^l^ofl ^^JI 

?l)^tr ^7fl^# ^^A]7l7l cH^t}. GaN 1>i^H-^^^] eiH^ m}-^^] ^^o]ji ^fl^tr ^ 

£Ho> ^d}, olnfl^i Al-sj-ol^ 71^1^ t^o] GaN aVi^l#^#oil o^^j- ^S#£l 
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,S.^-B\ zl ^^9] ±l3.^o]v^ inscribing force)7> nfl , v])a\ ^2f2] 

<20> #Hfl 7l#-^ oj-g-^H % #^3, ^ i&£.*f)Mf^ ^fl^-i-g; u ^ 

^ 3-°!^- <r 5d4. ^, ^3.5}o]bj ^ «MM, ^H*-} 1 

5L(chip by Chip) Cf= tgAj-o} ^ 7 fl^* 7>*M, % #A>ofl ^ ^^°fl ^*)*r 

Jl ^7H^# eflol^ ot 65% ^ £ o}rf. 

<2l> #A>igol -g-B£*V ijflol^ -g-^jsfl ijng, ^^eJ-ojajAl, A>3|-o|o1 7l^lA^ ^4 

£H -£-^r ^3.e|-o]aj ^^7} nflA> ^#ofl ^^o] #^w o lo] ^1^5]^ ^H^H £ 3°fl Ji 

ELOG(epitaxial lateral overgrowth, USP 6,348,108 % V 2:H f^*fl GaN tMl-T- 

(coalescenceHH H^Mrf. oj^ c 4^ v}2\- ^o) a\s\.o]o] 7]&°\)x\ ^.^s\o] 

^a.H}o]a o i i^ 7 > GalH ^sq^i GaN^ M-^H t^^. ^^QX) 3.^ 

<22> olA o V^ ^ ^ o]^ «-^2|^Ol ^.g. 7}^ ^7fl^£- ^ % #^ 
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<24> S*V «t>^ cf-E s-a^ -§-*}- ^Jl eflo]^ ^ Jl#o] ^cfl^ uVje*1] e flol 

<25> a o v 7] s.^ o. ^^ 7 ] ^ofl tcj-a ^ f 

<26> 7 ]# AVojl afl °l *| #*HM #Bfl = #^r i^Rr 4^ ^^l-^^ofl 

<27> AV 7 ] nflA^^o^ Aj-JjLofl ^^og ^ *j ^ff-^ ^ o^o, ^ «.a> 3^7]. 

S^O-iM^ $^3<H ^-§- ^r^SLS. Sj-fe «V£;*)1 *IM*| ^ 7 > 7 > ^^-^ 

<28> Aj- 7 } -SL^ ^^ 7 ] o^a} _a ^v$o) cj-E -o^ofl ttj-ejg, 

<29> 7]^- Aj-ofl efl O) *) ^5fl = ^ i*V^ Cj-^o] ^^lMf^H 

77 

— » 

<31> A o > 7 | nflA].^-^ AVtLoll ^ *}=f-^og ^ 0^0} «-A> ^] 7 \ nj] A> 

S^^^-Ei 5^ 3* ^JliS. ^ tili^l 3H*1 ^}7> ^ii^-si 

<32> a o > 7 ) £ efl ol7^ ^7}#ofl ^^l, 

<33> a o v 7 ] ^a. #efl^.# zj-z^g- p-GaN/AlGaN * n-GaN/AlGaN %9l *\^f>\v\. 

<34> ^71 
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<35> ^71 f>}^ #EflJ=^ tfofl #7] ^ #Sfl = f^Cf #^#ol 3- 5LS\-%3)- 

<36> ^-y) £4-^^ A o V 7 ) -^!-o] ^ ^O] Wj-el-^^ZL, GaN 

<37> # 7 ] In x Al y Gai- x - y N(0<x <1, 0 <y <1 x+y <l)9l GaMl<gSl m-y 

^1^1 *H23-^# «KE.*1]^°1 $^3^, tiV^^7fl^ *fl2sl-^-§- «>H^#-8r p-GaN7ll<l 

<38> ^l^J-^ HVi^j ^ofi ^^M" D} ^1^, ^7l 7l^ ^M-olB 

(freestanding GaN) 7}$;°} wfeJ-^i s^tf. 

<39> ^ Aj- 7 ] .H. «V^o]l £lo^ ( a o V 7 ] d]] A]- ^2:fA ZL <&^o] Aj- 7 ] 7 j ^ cflsfl ^-g^ 

^ £U 4>7l 71^; ^O.S ZH^-Ij- ZL ^O] ^7>S)fe 7>^ 7>^ ^ ^ o] a>^-^l^cf. 

<40> a o V 7] ^ofl &<>H, ^oM ^*1tt ^71 »\W 7>^-7>S]ofl 

<42> 5L 5^r ^-^^ ^Al^ofl ^ aVi^j 511 °1*1 i^lt M-E}^ 51^ °H £ 6 ^ n~GaN 

^H#(121) $W - 7^ ^ ^ H ^o.^ 7flSl pflA} ^S#ol ^A^o) ol 
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a. ^4. -g- ^3 ^Al^ofl tcfs. o> £ ^ efl oj ^ 71^(100)^, ^ 

°fl #^#(120), ^^#(130) ^ ^ #^(140)* 

<43> s}-j=l #^#(120)^-, 71^(100) ^^jt cHl^i^^oil o]^ i&jq-g. 

-E^e a_o Sa ^ ^ll^# x}5LxW(l21)3)-, m^M: ^:£^1#(121)^ ^6\] ^#5]^ 
" #2fl^#(122)* S^tf. *fll3^# ^£^1^(121)^ ^> 7 > <§>8^ ->HM|fe €r}^- 
*l^(153)°l ^^l*Vcf. 

<44> ^-71 71^(100)^- >M-4°1<H 71* SE^r = 21^31^ GaN 7l#o] ^3. ol-g-sjnj, ^1^# 

aV£^l#(121)^r n-GaN Tlll^ ffl-V^ ^Sj-g- 3«-§- #E*fl#°-S ^^*>£) , ^} n -GaN # 

m-V^2l cfs. 2).^ HVtr^Ao^ ^ oicf. «5}«- #efl^(l22)^- ^sl 7M^ 
n-GaN/AlGaN#^] ^H^M cfs tiVE*ll#<iJ ^ 

<45> . ^^1^(130)^-, <$7] ^ Sefl^#(122)3 tf^ofl ^cfls. £^#(131), * 

W(132) * tfJf £4^(133)01 3^5} ^# 7>^lcf. £^(131)(133)^- 
(132) Jit* #^l-ol ^^RrCll, GaN Tfl^^ m-V^ 2^1- hV£^#o.S 

^ «>^W. *V^f £4#(131)^ n-GaN#^5., ^ Es}-#(133)£r p-GaN^^-S ^ 

SM". #^#(132)-gr Z]]o]^o] <£o]^ - ol^ -i-U^ol^ o^a^V M^oleJ-S. A>-g-^- ^ ol 
0.0} «V^§>711^ ^Tfl^^ol ^-ZL %SLJ=. ^ o] ^ol^o. ^ ol^ ^ 

#^ *M*-W-. #^#(132)^.S In x Al y Gai_ x - y N(0<x <1, 0 <y <1 x +y <l)«y GaNTfl 

£s] III-V^ ^5}-# IKE 31 ^-g- a>-§-^ ^Jo] w>^^>4. c^H^ a o v 7] 

^°J*H-* ^^^>-f# # *>M-^1 7^ ^ ^o.^ ol ^ *V «-A4^ ^ 

^ ^ 7l#^j ^1*V*>*1 #^Cf. 
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<46> #^#(U0)-B-, ^^-1- ^*l-f£r tr ^ £3f#(l33)2l ^ofl 

^°o v -¥-°fl ^fr ^ 5i*](141a) ^ n <8^s] ^ ^-aV 5i^l(i41b, 141b) 7> ##s)7fl % 
^3<H 91^ ^ #2fl^(141)^r i^tr^. ^7} €fHf^ ^^l(141a)^ ^ofl Sl^ 

^#5]^ ^12^1- «li^(142)-§- i^-tb^-. #2flA^(141)£- ^r^ 

#2fl = #(122)ol n ^ lV£^f^ol^ p ^ sj-^ ^*Kn, <j}Jf #efliE.^ 

(122)°1 p ^ aV^^o^ n ^ H}n^&o^ ^^^cf. ^, #2flAfKl22) 

°) n-GaN/ A 1 GaN=fr °1 ^ #HflH.#(l41)£r p-GaN/AlGaN AS ^W-. *fl2W# *_K£;H1^ 

(142)£ -Fr^r^l ^lls)-^-!- te^l^(121)ol n ^ «>£^l#ol^ aVE^A 

3. ^ll^^-l- «>£^^(121)ol n-GaN ^S]^ ^]2S}-^-# *K£31#(142)£: 

p-GaN AS ^tri=r. #7l ^^(141a, 141b) ^Htt ^^^01^^(151)0] ^3*1, ^a]v\}o] 
^^(151)ofl^ ^<#£} ^ ^^(uia)^ cfl-§-*}^ .SEMB*(151aH °1 

$H P^ tf-f #^(152H ojcf. 

< 47 > ^ £ ^r^ofl eflo]^ i7H)^, ^^1^(130), ^ 

1-^^(140) n^A ^ #^#(120)^1 §>^f #aflA^(122)o] nflA> uflofl ^7)]*>Cf. o]^ 

S.^ rounded corner, 121a)-!- 7>^tf. pflA} *>-^-<Hl ^€ 3ti^ 

<48> ^"71 ^r^f ^- *r€- 3H7i A7f^r £ 5 D ^ £ 6i E^ ti}<4 ^-ol ^ 

^ " « 141a) 2} <#^Hl ^«-A> ^^(141b)7> ^^51 o] OXJL, ^A> ^Jjlofl 

^ ^tr ^€ S.*§ S.A^«. 7 > ^^£]^ ^it 7>^}cf. <*|7HH ^-71 ^^-A> ^x] 
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tt ^ s%*$*\ZL, <>1» f^JLS cfl^l^ <L3. ^^slJl ^ ^-ff- ^ 31*1 

(141a)^ 3. ^ol t^B^^tf. o)%t\) 3 jg.xj. ^^(I41b)^ *d#t!r ^1 

iaeHU i^<Hl GaN coalescence)^ 3.*\°] ^ ^ 

<49> i 7£. m-rgofl Eil Ol 7.] ±.*HH ^> ^ iLO^ ^A}^} 

A>*L(SEM)°H, £ 8^r ^} ^2*1HH ^s. -ol ^ «H f i? ) 

<50> £ 7 ofl 1? ] y><2}- ^-ol, DjlX> ^2:^1^ *>Y°fl ^£ ^ S) °i o^t-fl , ol 

^f-g-olH 3.^ 9]^ ^-fl-aj ^o] a^^^ol Dflet j. t« 7 ^ol °l^-8: £ 

3 ofl ^o^ ^efl eflo]^ ^Hl^o) ^-^^^ ^7fl^4 cfl^o]^. 

<51> £ 8*11 V}9)- £o], v\)A\ ^2,z\)o] ^oj-o} ^ -ol ^ 7 j. p>^5)j7 ^ <£ 

^7}- 01^ ^7>g-O.S. ^l-^-^E^o, 3.eHol cflsfl ^3] o.^. ^ 

^^^^i ^^1 nfl^-t!- ^7H^^ 7>Xl^ ^ol ^Sll}. 

M^, ^ ^1^. ^isltb 7113J*}- ell °1 ^ H-^l Jl^oI ^o>^1ji 
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i3^]«J £-a>^ o>^^ eflol^ s.^ ^ ^^A] ^ofl 7>^^1^ ^>#^- -g-y. 



23-14 



1020030035601 #^ <£t}-: 2004/2/10 

1] 

^ 3fl^HH^#°l 5^ ^-fr f^AS *Kr "]:-£^ efl °1 xi ^7>. 

2] 

XI l %H] 5a°H, 

A o v 7l ^ #£fl£L# zj-z^ p-GaN/AlGaN S3 n-GaN/AlGaN 33 *>^r 

wV£^l 3H*I ^7>. 
3] 

XI 1 *<H1 Sl^Ai, 
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4] 

*fl 3 5a°H, 

^ m-V^ 31- W a>£^l#<y ^-g- f^io S ^ tiV £ ^ ^]ol^ ^x>. 
5] 

A oM «M3#-£- In x AlyGai- x - y N(0<x <1, 0 <y <1 ZL^Jl x +y <l)t! GaNTfll^ m-y 
6 J 

*H 3 %H1 

^\ ^^l-lr-e- -S-71 ^ #Hfl = ^o]] fovc] ^ojj ^}2S>^-# tiVJE^ll 

7] 

*H 6 &oH, 

A o v 7l *ll2S>^-§- «V£^1^ P -GaN3l1^ m-V^ ^2># ShE*fl#<?l ^ 
8] 
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£^llr^^ 0 l M€ *r^°l°l 7l« H5^^ = (freestanding GaN) 7} 

nflA}^^ ^JjLofl ^^Fr°g ^ #fHr^ ^ £-^> ^7} nil 

i*a^ io] 

9 

^7} tf, <s}^ #eH£L^ z}-z}-£- p-GaN/AlGaN g n-GaN/AlGaN ^ 
11] 

*l) 9 *cHl 5^1, 
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[^^*o> 12] 

*)] ll %H1 

A oM ^-7] #^l-ol ^ %o] GaN Till 

^ m-V^ sWi- «V£^1#<?1 ^ ^ *Rr tiVS^l 3H*1 

I^^J" 13] 

*11 11 %H1 5a°H, 

#71 #^£r In x AlyGai- x - y N(0<x <1, 0 <y <1 ZLEjul x +y <1)^] GaN3l1<i| III-V 
14] 

^11 ll %H1 $X°1*], 

3i*l«r ^"71 ^ #2fl = #°fl ^^H, #<£3 3^1^ ^°\] ^2^1- «VE*fl 
#°1 ^^tt ^* ^^^1 Eflol^ ^7>. 

15] 

14 %H] &<>H, 

A o v 7l ^1241-^-i- «VE*1]#£- p-GaNTfll^ m-V^ ^3*~§- *V5L*\}^9l ^r^°-3. 0>}±= 
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16] 

*ll 11 &<>H , 

ixfl#^^ol A]-sj-o]ol 7l^r Hel^Efl^ : iHrM- 0 lS2}°]JE.(freestanding GaN) 7) 
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